Background: Regular physical activity (PA) enhances health and is an important factor in disease prevention and longevity. The 2008 U.S. Physical Activity Guidelines recommends that all healthy adults attain at least 150 minutes per week of moderate intensity aerobic PA (e.g., brisk walking) to maintain and promote PA. Objectives: This study determined the effects of a 6-month pedometer-based worksite walking intervention with participants focusing on a goal of achieving 10,000 steps per day, on body composition in adults with a wide range of body mass index (BMI) values and compares the changes with outcomes of similar studies.
Background
Regular physical activity (PA) enhances health and is an important factor in disease prevention and longevity. The 2008 U.S. Physical Activity Guidelines recommends that all healthy adults attain at least 150 minutes per week of moderate intensity aerobic PA (e.g., brisk walking) to maintain and promote PA (1) . The guidelines further recommend that PA be doubled for added health benefits such as prevention of weight gain and weight maintenance. However, most Americans do not reach the recommended levels of PA (2) and, the fact that 35.7% of Americans have a body mass index (BMI) in the obese category increases the salience of regular PA as a health enhancing behavior (3, 4) . Worksite nutrition and PA programs for obesity prevention and control have been identified by the Guide to Community Preventive Services (5) as an effective way to improve health-related behaviors and health outcomes. Pedometer-based 10,000 steps per day walking programs have been used globally to promote increased walking for health, including modifying body composition, improving cardiorespiratory fitness, and reducing risk factors related to metabolic syndrome (6) (7) (8) .
While such programs have a standard goal to walk 10,000 steps, which at a rate of 100 steps per minute equal to about 100 minutes of brisk walking per day, changes in body weight, fat percent fat, WC and other body composition measures are mixed (6) (7) (8) (9) . Some programs show no changes in body composition values (6, 7) while others show only modest losses in body weight and WC (8) with the lengths of the programs ranging from 8 to 24 weeks. In a meta-analysis of pedometer intervention programs, Bravata et al. (9) randomized con-trolled trials and observational studies ranged from 3 to 104 weeks with an estimated the average weight loss for the 10,000 steps/day programs of approximately 0.38 kg in body weight. In a 4-month pedometer-based worksite health program male and female participants had a 1.6 ± 5.9 cm average reduction in WC (6) . Interestingly, in Swedish women enrolled in the 6-month ASUKI Step pedometer-based worksite walking program, Soroush et al. (10) showed small, but statistically significant reductions in waist circumference in (-0.84 cm every 3 months) and BMI (-0.24 units every three months). This finding resulted in spite of the fact that 63.5% of the sample had a BMI in the normal category. A reduction in waist circumference is interesting among normal weight individuals due to its singularly close relationship to metabolic diseases.
Encouraging overweight/obese adults to engage in walking programs with a dose of activity that meets the US Physical Activity Guidelines has important personal and public health consequences at a cadence of 100 steps per minute (11) . Intentionally walking for 30-60 minutes per day requires approximately 3,000-6,000 steps. Adding this volume of walking to one's daily routine, which accounts for approximately 4000-5000 steps per day, can provide modest weight and body composition changes associated chronic disease reduction (12) (13) (14) (15) .
There are few comparative studies using the 10,000 steps/day walking interventions with the same study design and study procedures. The ASUKI Step study was a 6-month, pedometer-based 10,000 steps/day walking intervention with employees from Arizona State University (US cohort) in the greater Phoenix area, Arizona, USA, and the Karolinska Institutet (Swedish cohort) in Stockholm, Sweden. The study used social support theory to guide teams of 3 or 4 persons to encourage each other to walk 10,000 steps per day. Health outcome data for a sub-sample of study participants were collected to assess changes in pedometer and accelerometer-based physical activity, cardiovascular fitness, and body composition. The unique aspect of the ASUKI Step sub-sample were the differences in initial body composition values between the US (BMI = 27.2 ± 7.2 kg.m -2 ) and Swedish (BMI = 24.1 ± 3.6 kg.m -2 ) cohorts.
Objectives
By analyzing changes in body composition measures separately in each cohort, who both who completed the same study protocol, we can compare the impact of different initial body composition on changes over time.
Materials and Methods
To examine changes in pedometer steps taken each month and assess the relationship between average number of steps per day and body composition outcomes in the US cohort, we used the same analytic procedures described by Soroush et al. (10) for the Swedish cohort. The primary hypothesis was that the US cohort would show decreases in body mass index (BMI), percent body fat (BF), waist circumference (WC), and sagittal abdominal diameter (SAD). The secondary hypothesis was that specific predictor variables [age, gender, steps taken, fat category (normal and overweight/obese)] would predict the changes in the body composition outcomes.
Overview of the Study
The ASUKI Step study was a collaborative, six-month pedometer-based workplace intervention project held on the campuses of Arizona State University (ASU) and the Karolinska Institutet (KI) with an overall goal to increase physical activity by walking 10,000 steps per day. Participants were organized in teams of three to four persons to promote social support for walking and instructed to register the daily number of steps and/or step equivalents (half an hour of bicycling, aerobics, etc. rendered 2,700 steps) on a website at the end of each day. The complete ASUKI Step methods and procedures have been described in more detail elsewhere (16).
Setting and Sample
This study was a six month quasi-experimental design with measures taken at three intervals (months 1, 3, and 6; no control group). A total of 712 university faculty, staff, and graduate students from ASU, aged 20 to 70 years, participated in the study. A sub-sample of 142 randomly selected participants (32 men and 110 women and, referred to as the US cohort), completed a set of laboratory tests to determine physiological and anthropometric changes during the study. All participants gave written informed consent before inclusion in the study. The study was approved by the Arizona State University Institutional Review Board.
Sources of Data
Instruments used to obtain study data are described in detail by Ainsworth et al. (16) and Soroush et al. (10) . Demographic characteristics were obtained from a webbased questionnaire developed for the ASUKI Step study. Daily steps were recorded by a Yamax pedometer SW 200 (Yamax Corporation, Tokyo, Japan) and were recorded on the study website. Body weight (kg) and BF were determined by bioelectrical impedance analysis with a Tanita TBF-300A scale (TANITA Corporation, Arlington Heights, IL) (17) . All values were measured in duplicate with deviations greater than 0.1 cm for SAD and WC and greater than 0.2 cm for height were being repeated a third time.
Data Analysis
Data were analyzed using descriptive statistics, including frequency, means, and standard deviations (SD), to describe participant characteristics. All variables were checked for normality. A multilevel growth modeling approach was used to explore change over time and predict change by steps, age, gender, and fat categories [collapsed to two categories (normal and overweight/ obese)] for body composition measures. To categorize the predictor variable, fat category, the age-adjusted body fat percentage index for men and women was used, according to the cut-offs recommended by Gallagher et al. (18) .
The multilevel approach answered three questions: (a) what is the change over time trajectory for the entire group (answered by the fixed effects of the unconditional model)?; (b) whether a distinct trajectory for each individual in the entire group is warranted (answered by the random effects in the model which is the slope and covariance between them)?; and (c) are there variables that predict these trajectories for the entire group? This is answered by the unconditional model by first establishing the functional form of change over time (linear or quadratic) and whether individual trajectories are needed and second by the final conditional mixed model to look at the predictors of the trajectories.
Each body composition measure was analyzed using four models: unconditional model (1), in conditional models [age (2), gender (3)] and in a final conditional mixed model (4) (steps taken, age groups, gender, and body fat percentage category (normal and overweight/ obese) as predictors of body composition changes). Statistical intent-to-treat analyses using all available data were performed using SAS software version 9.2. The level of significance was set at p < 0.05 for all tests. Following recommendations of Cohen and Cohen (1983) , to further explore significant predictors estimates where calculated 1 SD above and 1 SD below (19).
Results
Descriptive characteristics of the US cohort are shown in Table 1 . The retention rate for completing body composition measures was 68.3%. The results from the multilevel models are described below.
The results from the multilevel growth modeling analyses are described separately; with the unconditional analyses output presented in Table 2 and the final conditional analyses mixed model output presented in Table 3 . 
Body Mass Index (BMI)
There was no overall significant change in BMI following the intervention though at baseline, BMI was 27.2 ± 7.2 kg.m -2 and 26.0 ± 6.8 kg.m -2 at month 6. Older participants (conditional model 2) had higher initial BMI values, where as age increased, the initial BMI value increased. There was no significant change in BMI over time for by age. There were significant gender differences (conditional model 3) in the starting BMI. Females on average were 3.57 kg.m -2 smaller than males. In the final conditional mixed model (4) that included gender, age, steps, and percent fat category, the gender and age differences were no longer significant. However, those who had normal fat percent fat (BF) had initial BMI's that were -7.53 kg.m -2 smaller than overweight/obese participants.
Percent Body Fat (BF)
The overall average baseline BF was 31.5 ± 9.9%. For the unconditional model there was a no significant. change over time for the group as a whole (t = -1.85, P = 0.07), though the average decline in BF was 0.24% every three months. Age was significantly related to individual differences in BF at baseline (t = 39.21, P = 0.001), with older participants having higher initial BF values. There was a significant change in BF over time by age (t = 3.30, P = 0.001). As age increased BF increased over time. Gender was significantly related to individual differences in the initial BF with females being 6.47% higher than males (t = 3.38, P = 0.001). Gender was not related to changes in BF over time. In the final model, age (t = 2.08, P = 0.04) and gender (t = 6.13, P = 0.0001) were still significant for individual differences at baseline but not related to changes in BF. Fat category was significantly related to initial values of BF. In the normal category, the initial point was 16.99% while the overweight/obese category was 29.92%. Change by fat category was not significant (t = -1.73, P = 0.08).
Waist Circumference (WC)
The average initial WC for participants was 90.2 cm ± 18.7. There was a significant change overall in WC from baseline to 6 months (t = -2.41, P = 0.02). Age was significantly related to baseline values with older participants having higher initial WC values (t = 2.09, P = 0.04). Age, however, did not predict individual changes over time. Gender was also related to initial values of WC, with females lower than males (87.5 ± 15.3 cm versus 100.2 ± 25.1 cm). Gender did not explain individual differences over time. Figure 1 shows the slope for the whole group and by gender for the WC change across the three study testing periods.
In the final model age was no longer significant. However, those in the normal BF category had significantly (t = -7.43, P = 0.0001) smaller initial WC's than those in the overweight/obese category (20.3 cm smaller). 
Sagittal Abdominal Diameter (SAD)
On average, initial SAD for participants was 20.1 ± 4.4 cm. Age and gender were significantly related to individual differences in the starting values of SAD. Similar to the other body composition outcomes, older participants had higher starting SAD values than younger participants and males had a higher starting SAD value of 22.3 ± 5.3 cm than females with 19.5 ± 3.9 cm. When all predictors were added to the model (4), there was no significant change in SAD. While there was no change in the final model, fat category was significantly related to individual differences in the starting SAD (t = -7.79, P = 0.001), with those in the normal fat category having a smaller SAD.
Discussion
This study evaluated the effects of a 6-month, pedometer-based walking intervention on body composition measures in the US cohort of the ASUKI Step study. We hypothesized that we would observe significant decreases in body composition measures. Contrary to our hypothesis, only minimal changes were observed in the body composition measures among the US cohort over the 6-month intervention period. Significant changes were observed for WC on the order of -3 cm over the 6 month study. Female gender and higher levels of BF at baseline predicted greater changes in WC by end of the study. In comparison, the Swedish ASUKI Step cohort showed a small decrease in BMI (-0.24 kg.m -2 ) over time with a significant reduction in BMI only for older participants. Older age, a lower initial BMI value, and overfat/obese fat category in the Swedish cohort were significantly related to the linear change in BMI over time. There was a significant linear decrease in WC for Swedish participants over time with an average reduction of 0.84 cm every three months. Older and middle age groups and female gender predicted greater change in WC over time. Significant reductions were observed in SAD for Swedish participants over the 6 month study and the higher starting SAD values showed greater declines over time.
Even this small decrease in WC among the US cohort has clinical implications. WC is an indirect indicator of central obesity which is a strong predictor of visceral adiposity and an independent risk factor for various metabolic diseases, including type 2-diabetes (20) (21) (22) . In a meta-analysis by Ohkawara and colleagues, (2008), brisk walking for 300 minutes per week had a positive impact on reducing visceral fat and improving health (23) . This dose of activity is equal to 30,000 steps per week or an additional 4,285 steps per day to one's non-exercise step counts. While age, gender, or BF failed to predict changes in WC, participants in the overweight/obese categories had WC values on in the order of 20.3 cm higher than normal BF categories at the start of the study. This represents a sizable difference between the WC of the participants. Most cross-sectional and intervention studies using pedometers to track physical activity show an inverse relation between steps per day and WC (8, 10, (24) (25) (26) . This reinforces the value of 10,000 steps per day walking programs to reduce metabolic risk factors in adult men and women.
Interestingly, decreases in BMI observed in Swedish older adults were not observed in the US cohort. There were no significant changes in BMI over the course of the study and the amount of steps taken over the 6-month period did not significantly affect changes in body composition for any measure in the US cohort. It is interesting to note that the initial BMI and BF values were higher in the US cohort than the Swedish cohort. Yet, BMI and BF did not significantly change in the US cohort. Examination of the variation around the means of the body composition data indicated that the US cohort was much more heterogeneous than the Swedish cohort. This variability increases the sample required to observe statistical differences in the body composition measures; effectively lowering the power of the US cohort sample. Additionally, the sample size for the Swedish cohort was 214 and US cohort was 142, which further reduces statistical power in the US cohort. The Swedish cohort took more steps per day than the US cohort at all three measurement periods [month 1 (13, From an ecological perspective, the Swedish cohort had greater overall available resources from the natural and built environment, including access to public transportation and places that supported walking behavior. Participants in the US cohort were from a city with a population that is widely spread throughout the Phoenix valley which lacks easy and abundant access to public transportation due to the distances from home to the university worksite. Neighborhoods also do not promote an active environment as there are few walking paths and bicycle paths. In addition, the desert climate has temperatures in excess of 42 degrees Celsius in the summer months that may have contributed to the decline in steps with participants not wanting to venture outside for physical activity.
The lack of relationship between changes in BMI (reflecting body weight) and the steps taken in the US cohort may reflect a steady decline in average steps taken from the start of the study to the end (27) . Average steps per day declined from 10,714 to 8,602 to 6,332 from months 1, 3, and 6 respectively. The decline may be due to either regression to the mean in step counts for the majority overweight group and/or a possible differential study drop out of those with a higher body mass. The number of participants measured at each testing session declined due to dropouts, failure to show up for measurement sessions, and/or inability to schedule participants for their measurement session (month 1, n = 142; month 3, n = 127; and month 6, n = 97) which is a retention rate of only 64% for those receiving body composition tests. Based on the physiology of weight loss, significant changes in BMI are rare when physical activity is performed at lowto-moderate intensities and with infrequent compliance to an exercise dose (9, 27) . Since participation was not supervised and steps were self reported, it is difficult to estimate the level of adherence to the daily walking intervention. Other studies with similar community-based walking interventions show mixed results for the impact of 10,000 steps per day on BMI changes. Swartz et al. (7) show no changes in BMI in a college-age cohort of overweight women over eight weeks. De Cocker et al. (27) also reported no changes in BMI over 20 weeks in 146 participants engaged in a walking intervention. As described by Bravata et al. (9) in their meta-analysis of 26 pedometer interventions with 2,767 participants, at best decreases in BMI accompanying pedometer-based step programs are modest with a weight loss of -0.38 kg. No changes were observed in the SAD and BF measures in the US cohort. Possible reasons may be due to the nature of the sample or differential dropout. While the Swedish cohort noted small decreases in SAD measures, the clinical significance of these changes is hard to determine.
A major strength of the ASUKI Step study is in the innovation of the study design where teams were engaged in a social support-mediated intervention with the goal for each participant to walk 10,000 steps per day. Steps were recorded on a common website and a subsample of participants received more detailed PA monitoring, body composition, and fitness measures. The study used a quasi-experimental in design and was conducted in a community setting with online management to assess daily compliance and accuracy in recording steps. The major drawback of a quasi-experimental study with no control group is that it is not possible to isolate or describe cause and effect. In other words, interpreting the change over time should be done with caution since it cannot be determined whether changes noted were causally related to the intervention (28) . We have no information regarding dietary habits such as a more energy dense diet and alcohol consumption and unhealthy lifestyle choices throughout the study and during holiday or vacation months that could affect the intervention. Other limitations of the ASUKI Step study have been reported in the previous papers (10, 16, 29) . Overall, while the dropout rate (31% vs. 29% for US and Swedish cohort respectively) was not optimal, it was similar to other communitybased walking studies that have been reported (ranging from 25.4% -44%) (30) (31) (32) . We observed a 3.0 cm reduction in waist circumference among participants of the US cohort following the 6-month ASUKI Step 10,000 steps per day walking intervention. This decrease was independent of steps taken and observed among all participants. It is important to note that while steps did decrease throughout the study in the US cohort, the amount of steps taken at month 6 is still higher than the average steps per day taken by most Americans (5931 ± 3664) (33) . Compliance to the walking dose and initial physical activity and body composition levels are important to consider when studying body composition changes in such programs. As walking is a popular and easy form of exercise and transportation, engagement in health programs promoting 10,000 steps per day is an effective way to increase physical activity. While a significant change in WC, occurs, others factors may have influenced the results thus the findings are lim-
